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Summary
The effect of pruning method (strong heading-back pruning (60cm heading-back, 30cm heading-back),
thinning-out pruning, control) on the growth, fruit quality and dry matter production of the columnar-type
apple tree ‘Tuscan’ (from 2-7-year-old trees) on ‘Marubakaido’ (Malus. prunifolia Bork. var. ringo Asami) root-
stock was studied. Moreover, bending the lateral branches to a horizontal position in winter was examined to
promote flower bud formation.
Heavy heading-back resulted in lower tree height, smaller trunk cross-sectional area amd lower total shoot
numbers, length and dry matter production compared with light heading-back, thinning-out. Thererfore, it
was concluded that thinning-out pruning had to be mainly carried out for rapid tree canopy expansion.
The maximum distribution areas of branches and fruits were gradually shifted to the upper area of the
tree canopy. The light penetration decreased at the middle and bottom areas of the tree canopy in proportion
to tree age, but there was no difference in terms of the pruning method. Thus it was concluded that pruning








































The pruning method did not affect fruit weight, Brix or fruit acidity.
Flower bud numbers were increased by bending the lateral branch to a horizontal position in winter,
which increased the fruit weight, Brix and fruit acidity.
The bending treatment may also reduce the altrenaive flowering habit.

























































Table 1. The influence of pruning system on tree growth in ‘Tuscan’.
  　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Tree age  (year old)  
２ ３ ４ ５ ６ ７�
Tree height (cm)
　　Heading-back pruning (30cm) 167± 4 z  206± 4 237± 3 243± 4   286± 4 341±14
(60cm) 217± 5    274± 4 332± 3 365± 3   444±10 501± 1 
　　Thinning-out pruning 256± 3      322± 9   388± 1 430± 3 493± 6   526± 3 
　　Non pruning 256± 3      318± 3   387±16 430±15 497± 8   521± 6 
Tree width (cm)
　　Heading-back pruning (30cm) 50± 9   72± 8  86± 9 95± 7 103±20 119±15
 (60cm) 44± 8   56± 4  62± 3 82± 9 111± 3 114±12
　　Thinning-out pruning  47± 3   60± 5  72± 2  90± 4 124±11 126± 5 
　　Non pruning 47± 3   63± 5  69± 7  89± 7 133±14 134±15
 Cross-sectional area (cm2 )
　　Heading-back pruning  (30cm) 5.1±0.8    9.0±0.7   13.6±2.2  17.9±3.1  21.6±3.7  25.9±4.3
 (60cm) 5.6±0.1    10.2±0.4    17.2±0.0  23.5±1.1  31.4±0.5  41.9±0.9
　　Thinning-out pruning 5.6±0.3    10.6±0.4    19.1±0.7  27.8±0.8  36.4±1.6  48.4±2.4
　　Non pruning 5.6±0.3    11.8±0.6    18.7±1.2  28.1±1.7  39.3±2.8  51.1±1.2
Number of shoot
　　Heading-back pruning (30cm) 8±0  15±1 19±2 21±4 26±6 18±5
 (60cm) 9±0  15±2 27±4 27±1 26±1 20±3 
　　Thinning-out pruning  10±1     11±2  17±1 18±2 29±1 25±3
　　Non pruning 10±1     12±1  21±1 22±2 31±2 28±2
Total shoot lenght (cm)
　　Heading-back pruning (30cm) 517± 55    893±152 1090±211 896±260 1010±302 877±286
 (60cm) 605± 52    944±100 1286± 71  995± 73  1003± 63 895±107
　　Thinning-out pruning －   688± 72 1111± 71 941± 19 1219± 82  1103±128
　　Non pruning 553± 50    682± 55   996±128 870± 82 1289± 89  1095± 52 
Number of flower bud 
　　Heading-back pruning (30cm)  － － － 0.1±0.0  1.8±0.3  0.3±0.2
 (60cm)  － － －  0.1±0.1  1.5±0.4  0.7±0.4
　　Thinning-out pruning － － － 0.4±0.2  1.6±0.3  0.9±0.2
　　Non pruning   － － － 0.4±0.1  1.8±0.1   1.6±0.3 
Total volume of pruning branch (g)
　　Heading-back pruning (30cm)   242± 80   310± 53  400±128 257±103 180± 80 266± 94
(60cm) 177± 53   304± 31  328± 45 162± 26  240± 40 286± 40
　　Thinning-out pruning  43±  3    310±125  391±113  367±156 345±192  427±143
　　Non pruning   ０ ０ ０ ０ ０ ０
  
zAverage±S.E.
Tree width was a average value of west-east and south-north length, cross-sectional area was measured at 20 cm up from the grafted point.
























Fig. 1.  The effect of the pruning system on the distribution of each height increment.




























Table 2. The influence of pruning system on fruit productivity in ‘Tuscan’.
  　　　　　　　　　　　　　　　　　　　　　　　Tree age  (year old)  
５ ６ ７
Yield per tree (kg)
 　Heading-back pruning (30cm)  0.5 3.6   5.5
    (60cm)  0.9 4.1   8.5
 　Thinning-out pruning    2.4 4.6 11.8
 　Non pruning   2.0 5.1 10.7
Cumulative yield (kg)
 　Heading-back pruning (30cm)  0.5 4.1   9.6
    (60cm)  0.9 5.0 13.5
 　Thinning-out pruning    2.4 7.0 18.8
 　Non pruning   2.0 7.1 17.8
 Tree efficiencyz  
 　Heading-back pruning (30cm) 0.03 0.18 0.37
    (60cm) 0.04 0.16 0.32
 　Thinning-out pruning   0.09 0.19 0.39
 　Non pruning  0.07 0.18 0.35
Fruit weight (g)
 　Heading-back pruning (30cm) 125± 1ｙ 145± 5 154± 6 
    (60cm)  135  154±13 147±15
 　Thinning-out pruning  149±11  143± 9 169±11
 　Non pruning 139±11  145± 5 161± 9 
Souble solid (Brix %)
 　Heading-back pruning (30cm)    10.0±0.4   10.1±0.1   9.8±0.1
   (60cm) 10.0  10.3±0.2   9.8±0.1
 　Thinning-out pruning 10.3±0.3   10.2±0.2   9.7±0.3
 　Non pruning 10.0±0.2   10.2±0.3   9.9±0.0
Fruit acidity (%)
 　Heading-back pruning (30cm)    0.77±0.02    0.70±0.03   0.71±0.02
    (60cm) 0.78    0.69±0.01   0.70±0.03
 　Thinning-out pruning 0.77±0.01    0.73±0.01   0.74±0.01
 　Non pruning 0.76±0.01    0.73±0.02   0.77±0.01











Fig. 1.  The effect of the pruning system on the distribution of each height increment.
































Table 3. The influence of pruning system on the dry matter production and the assimilate partitioning rate in ‘Tuscan’.
   Fruit Leaf Shoot Branch Root Root Total   Total dry Fruit dry
(g) (g) (g) (g) (＜2mm) (＞2mm) (g) /leaf dry /leaf dry
(g) (g) weight weight  
 2-year old trees 
　Heading-back pruning (30cm) － 148z 149 188 120 134 739 5.03 － 
(20%)y  (20%) (25%) (16%) (18%) (100%)
　   (60cm) － 149 146 242 109 153 798 5.37 －
(19%) (18%) (30%) (14%) (19%) (100%)
　Non pruning   － 144 118 263 91 175 790 5.45 －
(18%) (15%) (33%) (12%) (22%) (100%) 
 7-year old trees  
　Heading-back pruning (30cm) 519 803 265 1321 82 741 3731 4.65 0.65
  (14%) (22%) ( 7%) (35%) ( 2%) (20%) (100%)
　   (60cm) 832 1017 203 2727 123 1278 6180 6.08 0.82
  (13%) (16%) ( 3%) (44%) ( 2%) (21%) (100%)
　Thinning-out pruning 1043 1075 202 3258  99 1155 6832 6.36 0.97
  (15%) (16%) ( 3%) (48%) ( 1%) (17%) (100%)
　Non pruning 1135 1568 245 4076 108 1284 8416 5.37 0.72
  (13%) (19%) ( 3%) (48%) ( 1%) (15%) (100%) 
z Average±S.E.
y Each numbers of the parenthsis were meaned at the assimilate partitioning rate.
Table 4. The influence of bending treatment of the lateral
branch on number of flower bud and fruit quali-
ty in ‘Tuscan’.
  　　　　　　　　　　　　　Year after bending treatment  
１ ２ ３
Bending treatment
　Number of flower bud (Numbers/10cm)
　　1-year old branch      ０ ０    0.1±0.4z
　　2-year old branch   1.6±0.4 2.5±0.6  2.2±0.6
　　3-year old branch　 1.0±0.1 2.3±0.5  1.7±0.4
　Fruit weight (g)      　 163± 6   172± 6   194± 6  
　Souble solid (Brix %)  10.8±0.3  10.6±0.1   9.6±0.2
　Fruit acidty (%)       0.77±0.02 0.75±0.03  0.80±0.01
Control
 　Number of flower bud (Numbers/10cm)
　　1-year old branch      ０ 0.0±0.0  0.0±0.0
　　2-year old branch   0.0±0.0 1.0±0.4  0.6±0.1
　　3-year old branch　 0.1±0.1 2.5±0.7  0.8±0.1
　Fruit weight (g)        165± 5   143± 9   166± 8  
　Souble solid (Brix %)   9.7±0.1 10.2±0.2   9.0±0.4
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